Introduction
Elevated energy costs have caused reserves in increasingly challenging environments to be deemed commercial. This has led to rising expectations for seismic image quality: better illumination, better resolution, better well ties, more reliable amplitudes etc. In the marine environment, towed streamer technology remains the most common acquisition method, and techniques such as "single sensor recording" (1) , "over-under" (2) and "wide azimuth" (3) have delivered impressive results. These techniques have added cost and complexity to traditionally "simple" towed streamer operations. Recent developments in seafloor seismic have delivered significant improvements in image quality. Furthermore, the cost differential between towed streamer and seafloor seismic has narrowed considerably.
In this paper, we will show the results of an investigation into the relative value of four inherent differences between towed streamer and seafloor seismic. The differences considered here are (1) sensor type and performance (2) towed array vs. static point receiver (3) PZ summation and (4) geometry.
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General data comparison
In the summer of 2005, Reservoir Exploration Technology (RXT) acquired data for GX Technology in the Gulf of Mexico. Line 1600 was acquired with Input/Output's VectorSeis Ocean seafloor acquisition technology. The line parameters were selected to allow a direct comparison between the seafloor data and streamer data acquired on the same line about two years earlier. The source was very similar, and geometry and record lengths for the OBC data were selected to allow direct comparisons between the towed streamer data and appropriate sub-sets of the OBC data. The data around the deep Blackbeard structure was of particular interest, due to some high profile drilling in the area. Figure 3 . In the ultra deep section (10-20kms), the seafloor data shows remarkable improvement over the towed streamer data. In this paper, we seek to understand the root causes of the improvements in data quality shown in Figures 1 and 3 . 
Sensor type and performance
The VectorSeis Ocean system used for the seafloor acquisition shown in Figures 1-3 uses a unique "derivative pressure" hydrophone. As shown in Figure 4 , the derivative pressure phone results in enhanced high frequency signal, due to the natural gain inherent in the measurement. Low cut filters are not used, resulting in a uniform response down to 1.5Hz and below.
Most importantly, the use of a derivative pressure phone increases the effective dynamic range of the system, in much the same way as the use of an accelerometer increases the effective dynamic range relative to a traditional geophone (4) . When imaging deep targets, dynamic range can be a limiting factor in the performance of traditional instruments, and the use of accelerometers and derivative pressure phones can extend the depth range at which successful imaging can be achieved.
It should be noted that the seafloor data uses a 3-component VectorSeis accelerometer, which features a response matched to the derivative pressure hydrophone. VectorSeis packaging achieves a signal to noise ratio comparable to the pressure data in two ways:
• The sensor housing is designed to ensure good, and stable coupling to the water bottom, which is particularly important where good vector fidelity is required (5) • A mechanical filtering device decouples the cable from the sensor package, thus ensuring that the sensors exhibit a true point receiver response, which is free of cable strumming noise.
Figure 4: Response of derivative pressure hydrophone
Towed array vs. static point receiver
Towed streamers are susceptible to a number of noise mechanisms, including turbulent flow across the cable, swell noise from the sea surface, and various modes of noise propagated along the cable, including bulge waves and cable jerk. These noise mechanisms are usually attenuated through the use of arrays, but these arrays can not eliminate all the noise, and can result in some loss of high frequency signal. Furthermore, moving receivers can introduce undesirable data smearing and Doppler shift effects.
Seafloor data is not subject to these noise mechanisms, and can thus be acquired using true point receiver sensors, enabling improved high frequency response, while still achieving improved signal to noise ratio, as shown in Figure 5 .
PZ summation
A pressure phone in water is subject to spectral notching due to the free surface ghost. The positions of the notches in the frequency spectrum are governed by cable depth. For typical towed marine surveys, the first and second notches impinge on the useful seismic frequency range. The first notch is always at zero hertz and the second obeys the formula f=Vw/D (where Vw = water velocity and D= cable depth).
For an ocean bottom hydrophone the notching obeys similar rules except D is now water depth. However, the accompanying Velocity (or Acceleration) phone, measures particle motion in a particular direction (vertical in this case). Due to the sign of the down-going wave with respect to this directivity sensor, notches are out of phase with those observed on the hydrophones. Summation of the two components in the appropriate ratio will theoretically result in flatter spectrum and broader bandwidth.
Multiples and reverberations from both the source and receiver side also introduce spectral notching. Their characteristics are similar to the hydrophone response. Again, when appropriate ratios are selected, the PZ summation process allows the opportunity to suppress multiples. (6) EAGE 68 • Split spread. OBC surveys can be acquired with a split spread configuration. This allows several advantages in processing such as higher fold, reciprocity, refraction analysis and offer several advantages in multi-component processing.
Conclusions
Seabed data acquisition methods offer a number of inherent advantages over towed streamer data. These advantages can lead to improvements in shallow resolution, deep data imaging, signal-to-noise ratio and spectral content, as well as more effective 3D illumination and undershooting through efficient wide-azimuth data acquisition.
